2 ) was increasingly frequent with older age, lower physical activity, lower fruits/vegetables intake, and lower educational level. Compared with non-smokers, the odds ratio for obesity vs. normal weight (BMI ϭ 18.5 to 25.0 kg/m 2 ) adjusted for age, nationality, educational level, leisure time physical activity, and fruit/vegetable intake were 1.9 (95% confidence interval: 1.5 to 2.3) for ex-smokers, 0.5 (0.3 to 0.8) for light smokers, 0.7 (0.4 to 1.0) for moderate smokers, and 1.3 (1.0 to 1.7) for heavy smokers in men and 1.3 (1.1 to 1.6), 0.7 (0.5 to 1.0), 0.8 (0.5 to 1.0), and 1.1 (0.8 to 1.4), respectively, in women. Discussion: Among smokers, obesity was associated in a graded manner with the number of cigarettes daily smoked, particularly in men. More emphasis should be put on the risk of obesity among smokers.
Introduction
Obesity and smoking are leading causes of preventable morbidity and mortality worldwide (1, 2) . Scientific and popular views on the association between smoking and body weight are focused on the common observation that smoking cessation leads to weight gain; for example, in a national U.S. cohort, the weight gain attributable to cessation was estimated to be 2.8 kg in men and 3.8 kg in women (3) . A matter of more concern is the fact that a substantial part of smokers fear an increase in body weight and consequently neglect the benefits associated with smoking cessation (4, 5) .
The association between smoking and body weight is complex. On the one hand, smoking increases energy expenditure (6,7) and might suppress appetite (4) . Numerous studies report that smokers have lower mean body weight and lower mean BMI (8, 9) , and those who quit smoking tend to put on weight (3, 10, 11) . Smoking initiation among girls could be related to weight control (12) , and in elderly women, attempts for smoking cessation could be limited by fear of weight gain (5) . On the other hand, male and female smokers tend to cumulate other risk behaviors potentially favoring weight gain, e.g., poor diet or low physical activity (13, 14) ; such a clustering is potentially conducive to higher weight among heavy smokers compared with other smokers. There are controversies about the relationship between body weight and the amount of cigarettes smoked daily. Whereas among smokers, previous studies suggested a Ushaped relationship between weight and daily consumption of cigarettes (15, 16) , moderate smokers weighing less, recent reports suggest that weight increases according to the daily consumption of cigarettes (9, 17, 18) . In a prospective study of adolescents, smoking initiation was followed by an increase of BMI after 1 or 2 years (19) .
Using a large sample of the general adult population, our objective was to analyze the association between smoking and BMI, taking into account risk behaviors potentially favoring weight gain (low leisure-time physical activity; low fruit/vegetable intake) and educational level. A specific attention was devoted to the prevalence of obesity in relation to the number of cigarettes smoked daily.
Research Methods and Procedures
We previously described the Swiss Health Survey (14) . It is a cross-sectional, nationwide, population-based telephone survey conducted every 5 years since 1992 by the Federal Statistical Office of Switzerland to track public health trends (14, 20, 21) . It consists of questions on health status and health behaviors asked of a representative sample of adults and adolescents (Ն15 years of age) living in Switzerland. The study population was chosen by stratified random sampling of a database of all private Swiss households with telephones in 2002. The entire sample (30,824 households) received a letter inviting one household member to participate in the survey. Sampled households were contacted thereafter by phone. The survey was completed by 19,706 subjects (8909 men and 10797 women), corresponding to a participation rate equal to 63.9%. Data on smoking habits, weight, and height among adults Ն25 years of age were available for 17,562 persons (7844 men and 9718 women).
Three age categories were considered: 25 to 44, 45 to 64, and Ն65 years. Nationality was dichotomized as either Swiss or foreign. Education was categorized as follows (22, 23) : 1) no education completed, 2) first level (primary school), 3) lower secondary level, 4) upper secondary level, and 5) tertiary level, which included university and other forms of education after the secondary level. We defined "low education" (categories 1 and 2), "middle education" (categories 3 and 4), and "high education" (category 5) groups.
Subjects were asked about their current body weight and height. BMI was calculated as weight divided by height 2 . Subjects were considered underweight, normal weight, overweight, and obese if the BMI was Ͻ18.5, Ն18.5 and Ͻ25, Ն25 and Ͻ30, and Ն30 kg/m 2 , respectively (24). Subjects were categorized as non-smokers if they did not smoke currently and had not smoked regularly for Ͼ6 months. Subjects were categorized as ex-smokers if they had ever smoked regularly for Ն6 months but did not smoke any more. Subjects who smoked cigarettes were divided in three predefined categories according to daily consumption: light smoker (1 to 9 cigarettes/d), moderate smoker (10 to 19 cigarettes/d), and heavy smoker (Ն20 cigarettes/d). Subjects smoking only cigars, pipes, or cigarillos were categorized as other smokers. Subjects smoking less than one cigarette daily were considered as non-smokers.
Subjects were asked about the physical activity they performed weekly during leisure time. Low leisure-time physical activity was defined as the absence of any physical activity during leisure time that caused the subject to sweat (25) . Intake of fruits, fruit juice, and vegetables was assessed as part of a brief food frequency questionnaire (21) . Low fruit/vegetable intake was defined as either not taking fruits (or fruit juice) every day or not taking vegetables (including lettuce, not including potatoes) every day.
We reported mean BMI and the prevalence of BMI categories by nationality, educational level, smoking status, physical activity, and fruit/vegetable intake, stratified by sex and age. We applied maximum-likelihood multinomial (polytomous) logistic regression to assess the association between smoking categories and body weight categories separately for men and women. Models included smoking category as an independent variable and were adjusted for age, educational level, nationality, physical activity during leisure time, and fruit/vegetable intake. The interaction term of age and smoking categories was also tested. Pylotomous regression models allowed computation of the "relative risk ratio" or "pseudo odds ratio" (26) . In this report, the term odds ratio (OR) 1 will be used to ease reading. Analyses were performed with Stata 9.0 software (StataCorp Lp., College Station, TX). Table 1 shows the general characteristics of subjects. Approximately every one of two men and one of three women were overweight or obese. One of four participants currently smoked cigarettes. Compared with women, men were more frequently physically active during leisure time (low leisure-time physical activity: 35.7 Ϯ 0.6% of men vs. 44.6 Ϯ 0.5% of women; p Ͻ 0.001) but less frequently ate fruits or vegetables (low fruit/vegetable intake: 42.0 Ϯ 0.6% vs. 24.1 Ϯ 0.4%; p Ͻ 0.001).
Results
Excess weight (overweight or obesity) was more frequent with increasing age in both sexes. Participants with excess weight were less often physically active in leisure time and less often ate fruits/vegetables than normal weight participants. Participants who were underweight had more frequent low leisure-time physical activity than normal weight participants. In both sexes and across all ages, overweight and obesity were more frequent with lower educational level. Underweight was equally frequent across educational levels (data not shown).
Mean BMI by sex, age, and smoking status is shown in Table 2 . For both sexes, ex-smokers had higher mean BMI compared with both never-smokers (difference of 0.1 to 1.0 unit of BMI) and cigarette smokers (0.4 to 1.3 units of BMI). Male cigarette smokers had a mean BMI similar or lower to that of non-smokers, whereas female cigarette smokers had systematically lower BMIs than non-smokers. Among male smokers 25 to 44 or 45 to 64 years of age, BMI increased with the number of cigarettes daily smoked in all age groups. In the oldest men, a J-shaped relationship was observed. Among female smokers, a U-shaped relationship was observed in older women (45 to 64 and Ն65 years): light and heavy smokers had higher BMI compared with moderate smokers. This was not true for younger women (25 to 44 years); BMI was higher in moderate and heavy smokers. Overall, mean BMI was higher in heavy smokers compared with light and moderate smokers (difference of 0.3 to 1.0 unit of BMI). Other smokers (cigar, pipe, or cigarillo smokers) had the highest mean BMI compared with non-, ex-, or cigarette smokers.
Prevalence of obesity according to smoking status is shown in Figure 1 . Prevalence of obesity was higher in ex-smokers and heavy smokers compared with light smokers. Proportion of obesity increased across categories of male cigarette smokers. In female cigarette smokers, a U-shape or J-shape relationship between smoking status and prevalence of obesity was observed for older age strata (45 to 64 and Ն65 years). In women 25 to 44 years of age, prevalence of obesity did not increase in heavy smokers compared with light and moderate smokers.
Associations of smoking habits with overweight and obesity after adjustment for various characteristics are shown in Tables 3 and 4 (among all participants, with non-smokers as the reference category) and Figure 2 (among smokers, with light smokers as the reference category). In men, ex-smokers had higher ORs of being overweight or obese with respect to non-smokers (Table 3 ). The OR of cigarette smokers (all categories confounded) was lower for being overweight but not for being obese. The OR for being obese increased progressively with number of cigarettes daily smoked (Figure 2) . Furthermore, heavy smokers had higher ORs for being obese than non-smokers. For those who were underweight, ORs tended to be higher in cigarette smokers, with an OR of 1.8 [95% confidence interval (CI): 0.8 to 2.9], and to increase with the number of cigarettes daily smoked (OR ϭ 1.0, 95% CI ϭ 0.3 to 3.3; OR ϭ 1.2, 95% CI ϭ 0.4 to 3.2; and OR ϭ 2.0, 95% CI ϭ 1.0 to 4.0; respectively, in light, moderate, and heavy smokers).
In women, ex-smokers had an increased OR for being obese (Table 4) . Similar to men, albeit to a lower extent, the OR for being obese increased with number of cigarettes smoked daily (Figure 2 ). For being underweight, the OR was higher in female cigarette smokers compared with non-smokers (OR ϭ 1.4, 95% CI ϭ 1.1 to 1.8) and increased with the number of cigarettes smoked daily (OR ϭ 1.1, 95% CI ϭ 0.8 to 1.6; OR ϭ 1.4, 95% CI ϭ 1.0 to 1.9; and OR ϭ 1.8, 95% CI ϭ 1.3 to 2.4; respectively, in light, moderate, and heavy smokers).
Discussion
In this large sample of the general adult population, we found an association between smoking and BMI; although mean BMI tended to be lower among current smokers, the risk for being obese increased with the number of cigarettes smoked daily, irrespective of some confounding factors. This trend was more pronounced in men than in women. On the other hand, daily cigarette consumption was associated with being underweight, particularly in women.
Our data are consistent with results of other reports. In Danish men 20 to 29 years of age, moderate smokers had a decreased risk of obesity compared with non-smokers (adjusted OR ϭ 0.4), but heavy smokers tended to have increased risk (OR ϭ 1.3) (27) . In the Greek EPIC cohort, in which information was gathered by examination and not by self-report, Bamia et al. (9) showed in a sample of apparently healthy 25-to 84-year-old men and women that heavy smokers had higher mean BMI compared with light smokers; as in this study, this association was stronger in men than in women. The association persisted after adjustment for variables reflecting the levels of energy expenditure and intake, which were assessed with a validated questionnaire.
The strength of this study is the large size of this sample of the general adult population. This allowed analyzing associations between body weight categories with various categories of smoking habits, stratified by sex and age. Moreover, potential confounding factors could be taken into account in our analysis, in particular, educational level, which strongly related to both overweight/obesity and smoking habits in this study, as well as in several others (28, 29) . It was recently reported that the proportion of U.S. adults who both smoked and were obese was higher in lower socioeconomic groups (29) .
A limitation of this study is that body height and weight were self-reported. Height tends to be overestimated, whereas weight tends to be underestimated, particularly by women (30, 31) . This leads to an underestimation of BMI, a bias that increases with age (30, 32) . In addition, it was shown that if BMI is calculated on self-reported measures of height and weight, the association between socioeconomic status and underweight or obesity could be underestimated (33) . To our knowledge, bias for reporting height and weight does not differ according to smoking habits. However, it is possible that obese smokers were more prone to underreport the number of cigarettes daily smoked and to underreport their body weight than non-obese smokers. This would lead to an underestimation of the association between smoking and obesity. Another limitation is that a rather rudimentary questionnaire was used to evaluate diet and physical activity (21) , likely to induce a non-differential misclassification. The association of overweight/obesity Values are odds ratio (adjusted for age, nationality, educational level, physical activity during leisure time, and fruit/vegetable intake) (95% confidence interval). * Reference category. with smoking habits remained significant after adjusting for risk behaviors favoring weight gain. This could relate to the fact that we used rough estimates for diet and physical activity, leaving space for residual confounding.
However, using precise assessment of energy balance in a cross-sectional study, Bamia et al. (9) found a similar association between daily cigarette consumption and mean BMI. One third of eligible subjects did not participate. Some were not attainable despite repeated attempts (up to 20 times) to reach them. Most refused because of lack of interest and/or lack of time. This selection might distort prevalence estimates for smoking and obesity. Subjects declining to participate in surveys are more often smokers (34, 35) and more often obese (35) . Consequently, any association between smoking and obesity is likely to be underestimated if subjects with both conditions refused to participate much more frequently than subjects with one or none of the conditions.
The survey followed a two-stage sampling frame: a direct random sample of households, followed by a direct random sample of one person among those living in the household (not only those present in the households at the time of call). If the sampled person declined participation, no other person of the household was selected. Selection mechanisms are likely to occur with this procedure (availability at home, size of the household, readiness to answer, etc.). For example, the number of sampled women is larger than expected, probably because they were more easily attainable at home and that they were more willing to participate. In general, it is difficult to consider that a massive systematic error is distorting the results, although this limits the generalizibility of our findings to the whole Swiss population.
We previously reported that ex-smokers had similar patterns of health behaviors compared with non-smokers or light smokers (14) . In line with other studies (36, 37) , this suggests that smoking cessation is associated with positive change in other heath risk behaviors. However, despite these favorable changes, this study showed a higher mean BMI and a higher prevalence of obesity in ex-smokers compared with non-smokers. This is consistent with a double effect of smoking, i.e., an increased energy expenditure and a decrease of appetite, both being lost in the case of smoking cessation (4). Moreover, because smoking is causally involved in several major chronic diseases conducive to weight loss, this could explain why, in this study, heavy smokers tended to have increased odds of being underweight compared with light smokers.
As the number of cigarettes smoked daily increases, our findings suggest that the weight-stabilizing effect of smoking might be counterbalanced by the clustering with other risk behaviors favoring weight gain, e.g., unhealthy diet and low physical activity (14) . These risk behaviors and the related mechanisms are likely to interact throughout the life course and were only superficially captured in this crosssectional study. Therefore, it could not be expected that adjusting for diet and physical activity would withdraw the association between smoking and obesity. Moreover, the increase in energy expenditure induced by smoking might depend on body weight: the post-smoking increase in resting energy expenditure has been found to be greater in normal weight women compared with obese women (38) , which limits the potential weight control effect of smoking among the obese. In addition, repeated attempts to quit smoking and relapses may be more frequent in heavy smokers compared with light smokers; this could induce weight cycling and result in weight increase. Finally, the detrimental effect of smoking on fat distribution should also be considered. Actually, smoking is associated with a centralization of fat deposition (39) , an increased insulin resistance (40) , and a higher risk for diabetes (41, 42) .
In conclusion, our results indicate that cigarette smoking was associated with BMI in a dose-dependent manner, resulting in increased prevalence for obesity in heavy smokers, particularly in men. In addition to helping smokers who quit smoking to limit their weight gain, more emphasis should be put on the risk of obesity among smokers.
